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(57) CW^] 

cms] m^trnti. :^--^^mm^m< . 
f*: ( a ) b(o)tmzti\>^xmmm(7)mtpo . o o i j.xh 

( b ) i: -li:, ^N^B^ea-^«s ( a ) ■^'t:^]^^ 

i^-h-fb-^ ( b ) t:^^<7)ijmz^'^xm&^m^^ 
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[ff^Ji 1 ] im^im-^i^ ( a ) t , ^^^a^atta 
-^f*: ( a ) bcr)jtmzii\,^xm^srm<7mi}^o . o o i m 

( b ) ^:*><i>=5rO . ^^iS^liM-^ ( a ) 4»{:#JS=¥^ 
(b) *«^^co:^f6]lC«JoTiiia^ieS:*L 

m^ms ] ^mi^- h^-^ ( b ) {cfctt?.^ 
mt>m±M^mx'S>hm^m i t^«2iesji7))s#f*^ 

■y «a-^f4:T'S> h IS^ 1 ~ 3 cOV AHCietEcOSJff 

[000 1] 
[0002] 

L-CJi. wo 9 3 - 0 8 4 8 8 tCffiigcO^^^fBlSfi 

!^¥8-5 84 8lCtiV^-C<is C-H^-^ 
't^^y ym&^^i'?hU y:^xmmtLX. Z<7)m 

mizmmamsimx'. zcr)msibiimmm<r)m^j:him 

m-h tzMzmisxm(^m^£h\!iimiim'&mm^m^'^h 

14, (NA) [NA= ( n2 -m2 ) 1 / 2 ^ n 

os/hfflf*>s, ] ^±%<'thfzmzmmm<r>^^ 



[0003] $^>tc, ■11x^cr,miffm-l>^^mry:^^-y 
^'M*tt:tCiiV^-rSSiff^!B!l®J±v h U -y ii'Xco^N^ 

- 1 0 6 7 0 3\i:^)V^^yfSk^m^t:>^j:hWS.m^ 

m^^-^h:ih\.zi:y)m^^-^:(^^mm.-th:Hm^^ 

LX^^hiJ^. 3tej||«5^{480 0 dB/kmJiLh (^ft 
6 3 3 nm) TfcO. 5teiM8g«t5 0 mlJUKOiiftiaEf*: 

8 8 0 2 6 fc»±jtlilBf^ffl2r%3S^S3tzi^S&, 
(4m¥7 - 5 5 0 5 ^=*^^-^T^43Klifaffl<7)3e7 r ^ >'^" 

fLT 0 , V '^-fix i> 3 TSPcOV h i; -y 
^W^'^i,zm±m±mil^'k^Wil-tzaT-9y y FA^^> 

fv:tf>*ija^Km«^-^*4{4^ < T 1 1 ~ 2 ®S%T' 

■I). §^>tc:. Appl. Phys. Lett. Vol. 71 (17) > 2412 (1 
997)fct5V>T<4, Eu (TFAA) 3 (h'jX-hU^ 
;l/;tnT-fe h >- J— d f!? A|f #: ) U h U 7 x 
r:;K T P P ) ^j:b'<7)i&-i^it-^mt im^-^h'^xm 

^RIiftiO#*-»(i:^ <-C«>800pp mSKT«> 0 , 

[0004] 

[0005] 

mcthfz^y^z^m-^Wtxtz^. 15^14^ [fil±L 

*-o<£3titsL«3feior -y 9 msm-^nh \,Z\t. 
w.^mt^^^m-htz^cmmm.b L-cffl^ttSrsi 

3!)»-:>«!5fcWO 9 3-0848 S^fc'tClfcV^T^ 

3!p-pJftlS:!|S!iSi#c7)i&tjrtt$-/jN$ < -r *sas-cft 

^WR^^-thi.zm.'^rz, 

[0006] -t^si^-h. *^BB(4, ^f^Sttft-^* 

(a) ^^^a^alta^* ( a ) fc^7)Jt!|S^^^3V^T@^ff 
mcDmi^O .001 Ui±T'*> 0 , 4H^**5:4 0 Ol;j±co 
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( a ) fpiz^^u- hit-^m ( b ) tm^<7):^\^izm 

- Ht-^^zinfh^mi^^±m^mx'f) tmmm-i^^ 
^m^immzii\,^x . im^^m^ti: < a > 
<o*7 'ymM.-^x'hzmmm^^m^imi^^mm' 
^ -^x . ^mi^^mtum-iii-^mty r ^ ^-i-x'h s mut 

[00 07] 

'^eoM'^i^X'^i^Ztii^X'^, tzttl£. T)V^)V3>.^ 

^Jl^^i?:^U U- h , Ti^U y)V^UT)V^)VT-7 'J U- 

lis litt'-KU:tP7^ ^-^Hi^f^iMjK^tl-S, ^ttCiff 
(8 5 0i/iJil 30 Onrn'SriTcO^^) t;i3V^ 

-5848 (C:^§ixS C -H^-&S-:g-L^V^-i-7 

LTJ4. -ymmmmmmm. ^y^/m-^ s k 
3S«3t. ^y -ym h u Tv-vigfliit^/cJi-^^ -ym^m 
mmi^i:^^4^y 'y^m^mmt l< . 
■ymmmmmmm^^&^y ymm^mmt 
^<7)±mizmsmmmiki^-tti^y -ymm-^ii^i: tx 
a. tzttii^ TjC ( 1 ) - ( 3 ) i^{^mi£ix?>m'OM 

10008] 

[-fki ] 

— (CF.CF - CFCF.) — 

I I 

O CF, 

/ \ 

R' R« 

Ri . R2 ^t^ix^ixF^tz^iCF^X'h 

5. ) 

[0009] 

[•fl:2] 



— (CF-CF),- (CF^F,).— 



C 
/ \ 
R' R* 

(^^4", R3 . R^tt-e^l-fixFiytfiCF 3 
nfiltUiCO^, mJ±0J.:Lh<7)S3R-C«,S. ) 
[00 10] 
[-fkS] 
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o' 
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CF 


-CF 
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( 3 ) 



) 

it^^a^l— h-(t-^ft ( b ) (4, ^J-i^i*>'4 0 OlJUi 
T-J) 0 , t# tc 6 0 0 ]il±*''5f ^ L V \ b - b it-^ 

T\ V h y .y ^;^cr)^NaH^QttS-^#: ( a ) t ct)^^^^: 

( b ) commm^m^b . 5. o^ffi^^^^sdf 

l^-h-ft^it^j ( b ) co^^B^B^rt'tcJ; O^t^TfetS^gL*^' 
Svict*J0SLvi. i/i, ^«^i/-b-ft:-^?j!i (b) 
^^^iO^^Ma^atta-^f*: (a) i:^JRi:**a:itif 
2-3 m<mmH-im 0 ffl^Jt'?^^0 1 S H< \ C: 

cTj^^s^Bttfi-^ ( a ) ^x<nmwmmi^nx.t:,ixh . 

[0012] t.tz. ^WAV-Y^^ ( b ) {4, 40 
0-7 0 0 nm<0»r«3tet:*f LT®IRfifc*:S:*t!5:V%t 
£7)*i»iltV\ ^/i, ^^L'-h-ft;^ (b) {4s # 
iSSttS^f* ( a ) i:iOJtKtC*3V%Tajf^<Oll*'0 . 
OOlJjLhT*)'?. »^U<{40. 0 0 5JjUiTS)'5. 
^{ci3F^L<{40. ItLhT'S).?.. t.fz. ±^^V-V 
( b ) (ryWSfimt, ^^^fatt*^ ( a ) OSfff 
*J:Ot>«v^Ci:*W^Lv\ ^t>, r(n2-m2) 

1 J xm-^tLhwcm (na) 0. 1 sttht 

■rSC:i:*<ift L<, ^ttCO. 2 0m:i:-fSCi:*>'jlf 

i Lv^. :^JS^u-h-ft;-^^i ( b ) {4s im-^<r)h<n 

im^h\-^. mz^ i^Jg'^L'-h-fk-^ (b ) <0?5qtT 
{c^N^^a-^* ( a ) $rlt^{ci: OiSlitf i.%a-{4s 

[0013] ^^U- h-ft-^ ( b ) {Cii(t-I.^a 
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KTcStLTti, Ce, Pr, Nd, Eu, G 

(b) iztufim&^ti. mzmmk^i^a^. 

ttTti. fzttii. r-fef-zWr-feh-^-h (aca 
c) . 0-y-<;^T^rh:^-h (pbd) . i^'^y^^ 
JU^^y (dbm) .1,1, 1 -M;7/W:to-2,4 
-'^.y^yy^ry (tfd) , 1,1,1,5,5,5-'^ 
4r-9-7o:to-2,4-^y^>->''5!->' (h f d) 
<7)/3->'>h>'S; 2, 2' -b'tf'<7£^'y (bp i 
p) , 2. 4-'<>':^'>'i'*r5>- (pt dn) . y 
;PT5> (pic), 1. 'Jy (nap 

y), h'Jx (2-t'Ji'Vw^f-;U) rs>- ( tmp 
a) ^fc-fOTKyTS^^i-rU^UT^-TS^-h (s 
a lam) . N. N' -i^'-tf U ^Uf-'^Jif-Uyi/r S 
y ( s a 1 e n) , N— '^Uf-U-fVi/^'o'v^Jf v-zL-T 
5 y ( s a I c h ) ^h'coixv ^^-X^^ii'^^fi^J^^ 

[ 0 0 1 4 ] fMa* 1 feJ;t/*2 (C^^T-iettcT) 
Efi^JiOT*?)}!^^^)^, hepfd:l, 1, 1, 
3, 5, 5, 5-'^r:?7;U:tn-2, 4 

hfdd:l, 1, 1. 5, 5, 5 -'^=¥■^7/1' 
^o-3. 7^o-2. 4 >->'':t 

y. t t f a : T-y-<;l^hU:7;U-:tor-t o 
fhn:l, 1. 1, 5, 5, 6, 6, 6-:^:^^yjl- 
;tO- 2 , 4 -'N.df^Hf y-j/Tf d f h n : 1 , 1 , 
1, 5. 5. 6. 6, 7, 7. 7-f;^?7yl^:^D-2, 
4 -'sr:5'>'>'':t>'. o f p b d : ^y y jUrt^-^y 
Y-(fUhVy/U^uT-thi—h. dfdbmit';^ 

{^y^yji-:^x:i^yY^/i^) pi^y, p d o a : ^y 
9'fAyfi^^u:^^^^ym. 

( a) t LTfflV^y-cJ^lcJi, ^Sdfl^-b-ffc-^ 
( b ) t LTti-^7 >/«{b^^^^il{2^^tt- ■g.^S^l^ 
-b-fk-&i»l*«»*Lv\ ft*Wtc(4, T^l*3J:lX* 
2tCi3{t4No. 9-3 7<7)J:3^^7 y3l-ft:^Sri2 
fi^i: -r 1^- Y^-^mi}^y -y mS.^$) -5 ^ 

it<Dj^f}^^m-t L < , 1 *5 ilA'* 2 (CiStt-S N 

o. 3 3-3 7A<ffi{ij[^^i:LTJ:0ift Lv\ Zil(>ii 

$^>,^fzib. 85 0nm^l 3 00nmOM*S:*-r^ 



[0016] WT, m 1 it/a 2 tc^Rdf l^- h-ft-^ 
(b) fc:*5<tl.^JRi:E14^£0:a*W^«;^ii-^;b-ti:$: 

Stta-^ ( a ) 4'-C-^7)^«^L'- b-ft^ ( b ) 

^, ^JR^if^-h^k^lll (b) l8lt7t«42aiJUi 
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[0019] 3j!:5&BHtCfcV»-C . @tff2^rW-^^:{i^fg3l* 
b-ffc^!Bs ( b ) ijiim^^M-^ ( a ) J: 0 
'^Jlia^rfiltc^t^-^ TSM**>'<ST-r •g.SSf*^*^: 

jEtc, :^m^-h'fk-^!i?5 ( b ) tmmma.^ 

[0020] 2|s|&Hj{;ij{tS^jRdf 1^- h-fL-^!|^!J ( b ) 



•ttHiX V ft:felrS{i 1-20 'Sm%timi L < , 
!(t(c3~l 0«J:%*5»^LU. *l6BJ{c*5<t^^NMH^B 
( a ) h-fk^ ( b ) liUfHz 

^^<oBmmt^j:^^mmx'm^m±^L mB^^it 
^m^\^t'mcomm'i^:^^^-^xi>x\<\ mmi 

co-^^m , 0 . 0 0 1-1 M*.%iz^tHiX < . 
*?*L<{±0. 01-0. 5«»%T'$>€., 3|5f&HH03K 

B:mm>ii^m^m^mtLxii. OTc7)2o<o^rffi*<* 
( 1 ) ( a > 5r?^«-r-i.m«#:4'tc^-^ 

< i: 1 1 aao^m l'- h-fb-^l^ ( b ) Sr^-M-^ 

mi^-th r U 7 ^ - A S:S3t^ S . a^RjE^Tf*, 

[002 1 ] ( 2 ) #fSB^Ht4M-gr#: ( ft ) r MJlL. 
jSa^attfi-a-ft: ( a ) c04''Dgl5tC::i'-^-< 1 1 1 fi5i«-^JR 
^U-Mb^l?) (b) SriiAL, ^^l^-Yit-^ 

(b) ^te«t$-ti:^*-'<i>, i^/i«}Ji:8Sc$-ti:7tf^m?^-r 
-I. d i: J: 0 4"D:{)^^>JW|jagPici^*--:.-CStff*co^i22: 

i i: t ^tg-C-S) & . *^E)3iO@t;f*c»-^BM3fefsjM#: 
i. < . tfc^y r ^J<-cr>y\} y ^-M.^j:iLcr^mm^ 

cr>miX'h'yxioX\^. ^%m<^WM^'rf^mt^ii^ 
^X'^h. 

[0022] ^wn<r>mtfx^%^miitB^\,i. msx^ 
wm<r>%yr^j<-, u y}ivyx. immi. 3fe«- 

im. 3t-^aS. 3tMSS, 7ttSi|g^ffl^«- 

mi. SlJ-h*— jS*i'h3t (200nm— 2500nm. 
iif^L<{i4 00nm— 160 0nm) <7)l|gJ£;v^7t5:3K 

[0023] 
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(##^1—6) :ffyX'Wf^l,Z^^)l'^^^UV—h 
(MMA) to. 5%<r>^>YA Y (B 
PO) , 0. 2%<r>n-f^)Vyi)Vifiy-^y{nBM) 

cttx^ 3 ^ztm^fifzmtum'it^m^mit-^'mh lx 

1^— tCJI^L3t1^*}^L, 7 0'C<0:t-7'>-4>X'2 01^ 



[0024] (jt«?##Ml~5) ##^J2tl5l«(;L 

*3j;T/Tg ^-imLfz, ^<7)m:t:mizm^. 
[00251 
[*31 
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4 9 9 
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1 I 0 




Er(pbd)3 Hw=651 
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4 9 9 






Gd(hfd)3 Kw=778 
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4 3 9 


1 1 7 




T P P l!w=3Z6 
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1. 


5 0 2 


9 3 




DPS lfw=186 


1 0 
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5 1 1 


8 0 




DP SO Mi»=E02 
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5 0 7 


8 8 
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1 0 


1 . 


5 0 5 


8 0 



[0026] m3^Zi5\,^X. B&^«JJlTeOt><50Srfl^-r. 
TPP : uymhvyj^-ji- 

DPS: i^yji—ZV-XJl-y -i N' 
D P S O : J- —J\^:^.jU7t->^>' H 
BEN: ^iMMM^yJil' 

[0027] mmm i ) ^kw-iz^nttzp^m i o m 

m, ;RS3 0cmc7);y7;^«l^(dMMAi:, 0. 5%<7) 
BPO. 0. 2%c73nBMS:5£«L, mi^i$mbfz^k 
tiZl O'CCOr^—'fy^X'S 0 0 0 r pmT'llIte$-ti:^*»' 
^>20B#raa-^L. Omm, F«3fl6mmt01^— ^ 

W^ffiPMUAf^^^miLtz, MMA, 1 0%OE 
r(pbd)3 (^\^-Vi\L-^^e) . *-a-reiS?PJi: LT 

t-rf-/WN-^^wyr^;ux?-^^— h (PB 

DSrO. 2%, 0. 5%<0nBM$-ii^L:t, <r<0« 

■^W.ilMcopmmA^^'S'^kz^L. 9 0-cicjajg 
'fr->fz. 2 0B#^f^, ^'&mzw^Ltz=^y'?-m.^WL 

*>'^tCliHt;LJto -eoa, 1 1 0'C<?D:t-:?'>'F«JT4 
OB#0Sft$jiaL, 1 0-CiOSS5f-r>-|*]T'2 

0B$^^^iS!ffl$-fi'd C: C J: Oru 7 :r-Ao .y H 

^^tz, 7:r-Ao>/ H$- 1 9 s'cfizmzKtznn 
wm^<^±.m^t>-^m&x'^'^< *) tffAL, Tg5 

*^<^>li:@0. 6mm, *$5.0In^07fe7r'f■>'^*— S:D5*! 

V ^xmjTf^'T^mz x^m^tfztz^. miiz^i^fz 
mifrm-a-^t^mm^tLfz. 4"C^is5o®i)f^*-^,NA= 

0. 16<r)yr-i^'s—X'$>i>Zbi)^hi)^^. 



[0028] {mmm2 ) l T#^L7t>f ss« 

tC, MMA, 1 0%c7)Eu(dbm)3 {^U—h-lt-^m 

8) . m-^mtmbLxo. 2%copbi, o. s^co 

nBMi}^h^tm.-^m.z:mXLfz. 9 0'azim.m.^L 

fz. 2ommk. ^^mziixi-fz^y'7-iFf^m-//m 
^^zmittfz. ^<^yik. 1 io°ccr>yt—y^ynx'AC)m 
Pai^sL., §4>tci io°c<r>n^^-yynx'2ov^ 

(DSC) iiatrffl^^T^'^t^gPcOT. SrW^L 

Jtfci-^., 1 lO'cx'h-^fz. tfz. Z(y)yoyy)--M. 
i}^ hmmm 1 1 mm'k:^tz x<om.miO. 6mmco5t7 

^■r J: 3 '5r4''C>IC:»-<7)®i»f**i 1. 506 (NA=o. 
2Hzm^) Xh':>fz. l^^^mbX^:^h7M.T-f-y 
-f-if-SrfflV^T, Z<^^yr-(^^-<Oimm^i:mML 
tztZ^^^e 5 0 n mlCiJV^T 2 0 0 d B/kmTS) 
C:i03fe7r'f>'N'-Sr8 5'CT'l OOO^ra«^^t 

o°c, 10 0 of^!s\(D^iimki>mirm^^im^iz^i[^ 
m^^zbis^mg^tu-z. 

[0 02 9] (tmmi) mmm2{zt3\>^x. ^^^u- 

h^t^i^X'hi 1 0%£OK.yi^-jl^^yYx.— h {BE 

N) i^u-Ht-^8cr>ith'o^zm\.^x , mmm-^^ 
mcoyty T /^-^i^WLt (na=o. 20, 4>'i:>^iPT 
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„ =8 0*0 , 8 SX;, 1 0 0 0lWfSfil»Lfc^O|?Sfc 

hh(7>t it'^rSv ^Wl^tt^r 1. ^ h ifiht^h . 

(0030] 7 ) '</^7/^:t^ ( r-f ^/u t'^ 

;px-7^;u) [ P B V E ] S:S^-g■LT^#^>^ut«^ 
f|c (-fblCiSV^TRi . R2 *^i:i,t:F-C'J>?.S^#:) 
^^/l/7;u^a ( 2-7"^;t/r h7t Ko^^y) [P 
BTHF] 4>tc-^»L. lO%cnmm^Wz. CixtwE 
u (df hn) 3 {^V-Vit-^SA) SrS-^tw*r 

$-gSBi$*'5:**^>. ajS?:«^^t;±{fT»9)SPTBTH 



[0031 ] (##gl|8) ##M7cOEu ( d f hn) 
3 (^t-h'^izN d ( d f h n ) 3 ^fflV^-Cl^^^r^&tc 

^-f. PBVE«^#MJ:Ot>@ifr**ii«<. 

[0 0 32] (lt«^#W6. 7) PBVE$:fi-fka-^ 

■t ( Jt!B5##«^J6 ) . ^ #ra^8 - 5 8 4 8lc:E«l 

»80 0) S^=^r^'-^-^C-^^!^^0ft*)'9^^ffll^T7-f;^A 

Srf^^t. gjff*$-aa^L;t^«s:»4iz*-r (Jt«?# 
J; o t < I. ^ i: . 

[0033] 
[«54] 
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1 0 8 
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1 0 6 




M=8 0 0 


1 5 
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7 5 



[0 0 34] {%mm3) t\^2 3r(,m.<r)0vXm\ZP 

BVEcr>m.-^w<^^i-'y h^imv. 2 4 oxrrisiKL 

2 0 0 r P mXmm^-^^J:i3^hZ(r)'^^'^<0P^mz^ 
{?!l7tfOPBVEfi^/Eu (df hn) 3/PBTH 
Fcoia^ (PBVES^fcit1-?.Eu (dfhn) 
^<r>m^it5%) ^mfL. PBTHF^^^^-e^:** 
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